Li-Fraumeni Syndrome (LFS) describes a rare dominantly inherited familial predisposition to neoplasms of diverse tissue origin, usually with an early age of onset (Li and Fraumeni, 1969) . Typical cancers include sarcomas, premenopausal breast carcinomas, brain tumours, leukaemias and adrenocortical carcinomas. In most, but not all families, cancer predisposition is associated with a germline mutation in one allele of the TP53 gene (Malkin et al., 1990; Santibaiinez-Koref et al., 1991; Birch et al., 1994) , which encodes the p53 tumour-suppressor protein.
The p53 protein is a transcriptionally active DNA-binding protein involved in the cellular response to DNA damage.
The best characterised function of the protein is as a GI/S checkpoint control for DNA damage (Kuerbitz et al., 1992) , where a temporal association between elevated p53 expression and cell cycle arrest at the G,/S border is observed following treatment with agents that induce DNA doublestrand breaks (for example y-irradiation; Kastan et al., 1991) .
The downstream effector molecule of the p53-dependent GQ/S cell cycle arrest is p2lWaf/CIPI (El-Deiry et al., 1993) . Induction of this protein both prevents GQ/S phase transition via the inhibition of cyclin-dependent kinase activity (Xiong et al., 1993) and halts DNA replication by negative regulation of proliferating cell nuclear antigen (PCNA) (Waga et al., 1994) . The resulting pause in cell cycle progression is thought to allow time for DNA damage repair before DNA synthesis and loss of G,/S checkpoint control may be associated with increased heritable genetic abnormalities following DNA damage (Lane, 1992 60 (Birch et al., 1994) . LFS and LFS-like LCLs were derived from blood samples obtained through the CRC Paediatric and Familial Cancer Research Group, Manchester. Control LCLs used in this study were derived from normal, healthy donors. Cells were maintained in RPMI-1640 with 20 mM Hepes, 2 mM glutamine, 10% fetal calf serum (FCS), 0.2% (w/v) sodium bicarbonate and 40 gg ml-' gentamicin at 37'C in a humidified 95% air-5% carbon dioxide atmosphere. The Burkitt's lymphoma line, Ramos, was cultured in RPMI with 2 mM glutamine, 10% FCS and 100 ,ug ml'-penicillin/ streptomycin in the above conditions. Details of the LFS cell lines used are given in Table I PCR-generated fragments (0.5 ,g) from each sample were digested for 2 h at 37°C, with 10 U of Mspl (Biolabs) in a 50 yl reaction and the products separated on 3% agarose gels containing ethidium bromide (0.1 HIg ml-'). The relative intensities of mutant and wild-type bands derived from the cell line DNA samples were compared visually with each other and with control (patient peripheral blood) digests.
Results
Immunoblotting techniques were employed to determine both constitutive and radiation-induced p53 protein levels in all cell lines utilised in this study. In the uninduced state, the levels of p53 detected were heterogeneous (Figure la; Table  II ), but were reproducible for each cell line in independent experiments. The LFS-like cells with no p53 mutation exhibited constitutive p53 expression within the range of normal individuals. Of those cell lines with a germline p53 mutation, MA008 and CV139 (codon 175 and 248 TP53 mutations, respectively) expressed elevated p53 compared with the normal LCLs. However, the significance of this observation is not clear, because MA147 and MA150 (which share the same TP53 mutation as MA008) and MA132 (which harbours the codon 248 TP53 mutation of CV139) exhibited p53 expression within the range displayed by normal cells. No cell line expressed constitutive p53 levels as high as that observed in the Burkitt's lymphoma cell line, Ramos.
Following y-irradiation of the control cell line SV21 at 6 Gy, increased p53 protein levels were observed within 2 h and remained significantly higher than the constitutive level for at least 8 h, with maximum expression occurring 4 h after irradiation (Figure lb) . This pattern of induction was also seen in a second control cell line (data not shown). Based upon these observations, radiation-induced p53 levels were determined 4 h after irradiation in all further experiments. In all control, LFS and LFS-like cells, an accumulation of p53 protein was observed after irradiation at 6 Gy (Figure lc  Table II ). There appears to be no significant overall difference between the induced levels of p53 seen in the normal, LFS and LFS-like cells (Table II) . No protein accumulation following irradiation was seen in the Ramos cell line, as previously reported by O'Connor et al. (1993) .
Cell cycle progression following y-irradiation was examined using flow cytometry. Exponentially growing cells were either untreated, or y-irradiated at 6 Gy and analysed 16 h after irradiation. The dose and post-irradiation sampling time were those used by O'Connor et al. (1993) and were confirmed as optimal for use with the LCLs used in this study (data not shown). The profiles obtained for a normal cell line and for Ramos, which lacks functional p53 protein, are depicted in Figure 2 . In the normal cell line, competent G, and G2 arrest occur. Hence, the G, population after irradiation is similar to that of the untreated sample and those cells traversing S-phase during the post-irradiation incubation period accumulate in G2 (Figure 2b ). In contrast, Ramos exhibits G2 arrest only. Thus, the G, population is depleted after irradition and a shift towards the G2 compartment is seen (Figure 2d) . A comparison between the control and irradiated G1 population was made for each of the cell lines used in this study. The data obtained are presented in Figure 3 , and clearly demonstrate that the LFS and LFS-like cells exhibit competent GI arrest following irradition, with minimal GI arrest being exhibited by Ramos.
To ensure that the G1 population after irradiation represented cells arrested at this cell cycle stage, experiments using representative cell lines were repeated in the presence of the mitotic inhibitor nocodazole (0.4 ug ml-'), which blocks cells in the G2/M phase of cell cycle. This had no effect on the percentage of cells remaining in GI after irradiation (data not shown).
In the course of this study, a reduction in the G1 arrest capacity of the LFS cell line, CV139 (codon 248 mutation) was observed, which was associated with the cell line having acquired a near tetraploid DNA content, as analysed by flow cytometry. Early and late passage CV139 cells were assayed for G1 arrest and p53 induction. Chromosome numbers were also determined (Table III) and confirmed the flow cytometry measurements. The change in GI arrest status was not associated with a loss of p53 induction after y-irradiation (Table III) . To ascertain whether the change in phenotype could be attributable to loss of the wild-type p53 allele, RFLP analysis was carried out. As normal material was not available from the individual from which CV139 was derived, constitutional DNA isolated from peripheral blood of another patient with a 248 mutation was used as a normal/mutant control sample. The RFLP analysis revealed no LOH in either the diploid or hypotetraploid cell line (Figure 4) . Indeed, the relative band intensity in the hypotetraploid line indicated an overrepresentation of the wild-type allele in those cells. In further experiments, the late passage CV139 cells also displayed an enhanced growth rate and ability to form colonies in soft agar together with enhanced survival and proliferation in low serum-containing medium, compared with normal cell lines (data not shown).
Discussion
Our data suggest that the presence of a heterozygous mutation in the TP53 gene has no effect on radiationinduced p53 protein expression and subsequent G,/S arrest in LFS and LFS-like lymphoblastoid cell lines. LCLs derived from LFS-like individuals where cancer predisposition is not linked to the TP53 gene also exhibited a normal radiation response.
The ability of a mutant p53 protein to interfere with wildtype function may be dependent on the exact nature of the mutation. Previous publications have shown some mutations to have a dominant negative mode of action (Milner and Medcalf, 1991; Miller et al., 1993; Srivastava ct af., 1993) . However, one such mutation is the Arg-175-*His mutation harboured by MA008, MA147 and MA150 and shown to have no effect on radiation-induced arrest in this study. There appears to be a discrepancy between data presented here and those of O'Connor et Cll. (1993) , in which a Burkitt's shown to have a reduced capacity to arrest in G,. Two cell lines used in this study, CV139 and MA 132, also harbour this mutation, but exhibit normal arrest. A possible explanation lies in the ploidy of the cell lines. During prolonged culture, CV139 became aneuploid, and this was associated with a reduced capacity for G,/S arrest. Aneuploidy is common in Burkitt's lymphoma cell lines, and indeed the second p53 wt/ mut cell line shown by O'Connor et al. (1993) to have aberrant arrest was aneuploid (Magrath et al., 1980) . It is becoming increasingly apparent that phenotypic effects attributable to the presence of a heterozygous TP53 mutation may be cell type specific. Dominant negative effects of mutant p53 in LFS cells have been reported. A reduced capacity for apoptosis in response to ,-irradiation has been demonstrated in unstimulated LFS peripheral blood lymphocytes (Camplejohn et al., 1995) . LFS fibroblasts have been shown to be resistant to the lethal effects of ionising radiation (Sproston ct al., 1996) . Further data on LFS fibroblasts are equivocal, with abnormal phenotypes (Bech-Hansen ct al., 198 1; Parshad ct al., 1993) not being associated with mutation in TP53 in all family members (Srivastava ct al., 1990). Also, the spontaneous immortalization of LFS fibroblasts by Bischoff et al. (1990) was disputed by Livingstone ct al. (1993) . In this latter case, the discrepancy may be due to loss of the wild-type allele. The apparently normal radiation response of LFS cell lines described here is supported by Lalle ct al. (1995) Relative band intensity (wt/mut) in the early passage CV139 cells (E) is similar to the constitutional control ratio (C), indicating no LOH in this sample. In the latepassage sample (L), the normal band appears to be stronger, suggesting retention of the wild-type allele and overrepresentation of the chromosome carrying the normal TP53 allele in the hypotetraploid cell line. 
